Following the standard method of Global Research Initiative in Alpine Environments (GLORIA), we performed a systematic investigation of vascular plant species distribution along a subalpine to nival gradient in the Central Himalaya. Our study aims to identify the richness and distribution patterns of vascular plant species and biogeographic groups under current climatic conditions and make predictions for their distribution under warmer conditions anticipated by the Intergovernmental Panel on Climate Change (IPCC). Species richness decreased along an increasing elevation gradient. Aspect also influenced richness levels along the study gradient.
Introduction
The alpine-nival life zone exclusively encompasses vegetation above tree line and below permanent snow line where life is constrained by physical components of the environment, mainly low temperature and hence low energy, high solar radiation, strong wind, and short growth period (Körner 2003; Nagy and Grabherr 2009 ).
Despite environmental stresses, most of the alpine-nival regions are biodiversity hotspots inhabited by a substantial number of rare and endemic taxa (Salick and Byg 2007; Salick et al. 2014) important from economic, ecological and evolutionary perspectives in addition to their conservation significance.
Gradients in temperature, water availability, light and soil nutrients all vary with elevation and are important to shaping plant distribution (Körner 2003; Jonas et al. 2008) . Decreasing temperature and precipitation with increasing elevation results in the success of species with life forms better adapted to cold and dryness (Klîmes 2003; Vittoz et al. 2010; Grau et al. *Correspondence, e-mail: laxmi_raj100@yahoo.com; sk.ghimire@cdbtu.edu.np; Tel: +977 1 4331322. 2012). Besides these environmental variables, topographic variables, aspect and slope, influence the amount of radiation received in a particular mountain area and considerably affect plant species distribution and diversity at the local scale (O'Brien 1998; McCune 2007 ).
The recurrence of fluctuating climatic conditions during the Quaternary has greatly affected the migration and adaptation of flora in mountain regions and subsequently influenced the distribution of taxa and the speciation rate, thereby influencing the extent of endemism (Mani 1978; Tribsch and Schönswetter 2003; Yoshida 2006) . The Himalaya and neighboring mountain ranges are considered one of the most active regions in the world for the speciation of seed plants during the Quaternary (Yoshida 2006) . As a result, this region supports high flowering plant diversity and endemism.
One current estimate suggests that out of an estimated 10,000 species of plants in the Himalaya, about 3,160 are endemic (Conservation International 2012) and endemic species richness in the Himalaya is greater than reported in the European alpine environment (Salick et al. 2014) .
Endemic species richness in the Himalaya is expected to be especially high at high elevation zones, particularly between the subalpine and upper alpine belt (Shrestha and Joshi 1996; Vetaas and Grytnes 2002; Ghimire 2005) . In contrast, the total species richness along this gradient declines monotonically with the rise in elevation (Lomolino 2001; Körner 2003; Vittoz et al. 2010) . Most of the endemic species so far reported from Nepal have a very narrow range size and show high habitat specificity (Shrestha and Joshi 1996 
Materials and Methods

STUDY AREA
The study area is located in north-eastern part of 
VEGETATION SAMPLING AND DATA COLLECTION
We followed standardized methods for GLORIA (Grabherr et al. 2001; Pauli et al. 2004 ; Figure 2 ) to (Salick et al. 2014) . 
PLANT LIFE FORM CLASSIFICATION
Plant species were classified as one of the five principle life forms described by Raunkiaer (1934) , viz. chamaephytes (CHP), cryptophytes (CRP), hemicryptophytes (HCP), phanerophytes (PHP) and therophytes (THP).
DISTRIBUTION PATTERNS
Elevation and biogeographic (chorotypic) patterns of distribution of plant species recorded in each summit was based on the updated version of Annotated
Checklist of Flowering Plants of Nepal (Press et al. 2002) and Flora of China (Zheng-Yi and Raven 1996-2003) available online, and Flora of Mustang (Ohba et al. 2008) .
Based on the biogeographical range of distribution, the following categories were made: (i) Himalayan endemics (HE): those species which are endemic to the Himalaya 
POSSIBLE IMPACT OF CLIMATE CHANGE ON SPECIES DISTRIBUTION
We followed global emission scenarios provided by IPCC to assess the possible impacts of global surface temperature rise on species distribution ( 
Results
SPECIES RICHNESS PATTERN
Altogether, 176 species of vascular plant, belonging to 96 genera and 49 families, were recorded in the present study (Supplementary Material 1). Asteraceae with 28 genera was the largest family, and Potentilla (Rosaceae) with 10 species was the largest genus. The landscapelevel diversity (γ−diversity, total 176 from all summits) decreased in summits representing different ecotones from lower to higher elevations (Table 3) . Although the two lower-elevation summits of subalpine-lower alpine (SMA) and lower alpine-middle alpine (SMB) ecotones did not vary much in total species occurrence, a sharp decline in total number of species was observed from middle alpine-upper alpine (SMC) to upper alpinesubnival (SMD) ecotones (the two higher-elevation summits) (Table 3) .
A similar trend was observed for richness of species at the level of quadrat-cluster (Table 3) . One-way ANOVA and Tukey's range test showed that the value of species richness at the quadrat-cluster level was significantly higher in two lower-elevation summits than in the summits at higher elevations (Table 3 ). Contrary to these findings, species richness at the quadrat level did not reflect a sharp trend, except the value was significantly low for summit at highest elevation (SMD, Table 3 ). Tukey's range test showed that the three lower-elevation summits had almost similar value of species richness at quadrat level.
Two-way ANOVA clearly showed no consistent trend in species richness among summits for four compass directions (Table 4) . However, the significant interaction term between aspect and summit indicated that the effect of aspect was different in different summits ( Table 4 ). The two lower-elevation summits (SMA and SMB) comprised greater number of species at quadrat level on shady northern slopes, whereas the two high-elevation summits (SMC and SMD) showed greater number of species on exposed (generally western) slopes (data not shown).
BIOGEOGRAPHICAL PATTERN OF DISTRIBUTION
Biogeographical (chorotype) classification was only available for 170 species identified up to species level.
The alpine-nival zone of the study area was dominated by Himalayan endemics (Table 5) , which represented 58.3% of total species recorded in the four summits.
The second largest group was species with panHimalayan distribution (28.8%), followed by species with broad range of geographical distribution (12.9%).
ELEVATION PATTERN OF DISTRIBUTION
The study area was dominated by species with broad elevation ranges (Figure 3 ). Among the total (n = 170), 34.1% species (n = 58) had an elevation range >2000 m, and 1.2% (n = 2) had a range <500 m (Figure 3 ). In general, 
INDICATOR SPECIES TO THE MOUNTAIN SUMMITS
The indicator species analysis revealed that the species indicator to the study summits were mostly herbaceous taxa with biogeographical distribution restricted to the Himalayan region (50% of total indicator species), followed by species with pan-Himalayan distribution (33%). Only 17% of taxa identified as indicators were broad range species. Himalayan endemics and panHimalayan range species identified as indicators had almost equal share in all the study summits, except SMB where large proportion of indicators were those having broad distribution range (Figure 5a ).
Majority of indicators (54%) were chamaephytes, followed by hemicryptophytes (31%), phenerophytes (8%) and cryptophytes (6%). But, majority of indicators at higher elevations were hemicryptophytes and that of lower elevations were chamaephytes (Figure 5b ). 
POSSIBLE IMPACTS OF CLIMATE CHANGE ON SPECIES DISTRIBUTION
The analysis revealed that, under different emission scenarios (low, intermediate and high), 40 plant species were identified as vulnerable and expected to adapt through range shift to compensate for warming or develop specific traits for adaptation on the current habitat (Table 6 , 7). The predicted vulnerable plant species belonged to 17 vascular plant families. Most of them (n = 8) belonged to Asteraceae, followed by Gentianaceae (n = 5), Apiaceae (n = 4), Crassulaceae (n = 3) and Rosaceae (n = 3) ( Table 7) .
Of the 170 species analyzed, 1.76 % (n = 3) were regarded as most vulnerable, as they fall on the likely impact range within B1 scenario (the lowest emission prediction made by IPCC) ( Table 6 , 7). They were all chamaephytes and Himalaya endemics. Similarly, 22.94% species (n = 39) having their elevation range within the likely impact range for A1F1 scenario (the highest emission prediction made by IPCC), were treated as vulnerable (Table 6 , 7). Out of which 1.18% species (n = 2) were found to be highly vulnerable (vulnerability rank I), 6.47% species (n = 11) moderately vulnerable (vulnerability rank II), and 15.29% species (n = 26) less vulnerable (vulnerability rank III) ( Table 7) . Among the vulnerable species, 56.41% species (n = 22) were chamaephytes and 28.20% species (n = 11) were hemicryptophytes. Cryptophytes and Phanerophytes each comprised 7.69% species (n = 3) (Table 7) . Similarly, 79.49% species (n = 31) were Himalaya endemics and 20.51% species (n = 8) were having pan-Himalayan distribution (Table 7) . along an alpine to nival gradient in the Swiss Alps (Erschbamer et al. 2010; Vittoz et al. 2010) . A linear decrease in species richness after reaching its peak at mid elevations has also been shown by previous studies In the present study, 44 species (26%) of vascular plant showed increased upper elevation limit (>100 m) than reported previously. Although the difference in upper elevation limit of vascular plants may reflect the lack of proper scientific documentation in the past, the possibilities of upward shift of species due to earlier climate change events cannot be ruled out. There will be a possibility for invasion of unpalatable weed species in the alpine-nival ecosystem in response to warming.
However, a thorough study is needed to overcome the misleading inference related to insufficiency of collection/documentation and climate change impact.
